By means of topological theory, a class of Liénard type equations with a deviating
Introduction

Consider the Liénard type p-Laplacian differential equation ϕ p x (t) + f x(t -τ ) x (t -τ ) + β(t)g x(t -
In the aforementioned literature, based on the Leray-Schauder degree theory, Amster et al. [] considered the existence of at least one periodic solution for the p-Laplacian-like system with a fixed delay. Gao and Zhang [] discussed an n-dimensional p-Laplacian-like neutral functional differential equation, and they established some criteria to guarantee the existence of periodic solutions for the equation by using Mawhin's continuation theorem. Manásevich Based on topological theory and some analysis techniques, the existence of periodic solutions for (.) is investigated in the present paper. It is significant that the coefficient β(t) of the nonlinear term can change sign, which cannot be achieved in most of the previous papers. Furthermore, a numerical simulation is performed to validate the feasibility of the obtained results. In addition, the fixed delays in (.) are also extended to the time-varying delays and we briefly discuss them. Moreover, the approaches used to estimate a priori bounds of periodic solutions are different from the corresponding ones in the literature.
Preliminaries
Let us consider the problem:
T be an open set. Assume that:
Then the problem (.) has at least one solution in C  T .
Main results
For the sake of convenience, we only study the periodic solutions of (.) in the case
dt <  can be discussed in the same way).
Theorem . Assume that the following conditions hold:
(H  ) There are positive constants m  , m  , and d such that
Proof Consider the homotopic equation of (.) as follows:
can be written in the following form:
Integrating both sides of (.) from  to T and using the integral mean value theorem, there exists a constant ξ ∈ (, T) such that
Now, we claim that
which, together with assumption (H  ), leads to
Thus, from Case  and Case , we see that (.) holds.
Let ξ -τ = kT +ξ , where k is an integer andξ ∈ [, T]; noticing (.), we get
and
Combining the above two inequalities, we obtain
In view of (H  ), we have
On the other hand, noticing C p r[
we easily see that there is a sufficiently small constant ε  >  such that
By assumption (H  ) and for such ε  , we know there exists a constant ρ > d (independent of λ) such that
Multiplying both sides of (.) by x(t) and integrating them with [, T], noticing (.), we get
where
t∈ [,T] e(t) .
In view of (.) and  p < , it follows from (.) that there is a constant M >  such that
which implies that there exists a constant M  >  such that
From (.) and (.), we can see that there exists a constant M  such that
According to (.) and (.), set = {x : |x | ∞ < M  + , |x| ∞ < M  + }, then we see that (.) has no solution on ∂ for λ ∈ (, ], and when x(t) = M  +  or -M  -, from (H  ), we can get
So, condition (A  ) of Lemma . is also satisfied. Denote
and when
Thus, H(x, μ) is a homotopic transformation and
Therefore, condition (A  ) of Lemma . is also satisfied. By using Lemma ., we conclude that (.) has at least one T-periodic solution x(t) on¯ with |x| ∞ ≤ M  . This completes the proof of Theorem ..
Generalization
As a matter of fact, (.) can also be extended to the time-varying case, which admits the following form: 
